Allium vegetables, including garlic and onions, have been used for 3,000 years as flavor-enhancing foods and folk medicines. Their biological effects against bacteria and fungi in treatment of various diseases, especially of the digestive tract, have been demonstrated (7). Recently, attention has been paid to the pharmacologic activity of allium extracts and oils in the inhibition of carcinogenesis. Animal and in vitro experiments indicate that compounds in allium vegetables (e.g., allyl sulfides) inhibit several types of tumors and decrease tumor growth and proliferation (2) (3) (4) (5) (6) (7) (8) (9) . Little information is available, however, on their effects in humans. Herein, we present data on the effects of dietary intake of allium vegetables from a large population-based case-control study performed in a population at high risk for stomach cancer in Shandong Province, People's Republic of China.
Patients and Methods
The study design has been detailed elsewhere (10, 11) . In brief, between 1984 and 1986, interviews were sought with all newly diagnosed stomach cancer patients aged 35-69 years and with controls of similar sex and age in Linqu County, Shandong Province, an area with one of the highest stomach cancer mortality rates in China; annual age-adjusted rates per 100,000 were 55 for males and 19 for females in 1980-1982. The patients were Linqu residents identified from a specially established reporting system involving county and commune hospitals whose coverage of stomach cancer incidence was thought to be essentially complete. The controls were randomly selected from age and sex strata of the Linqu population with the use of census rosters available in each village. Twice as many controls as cases were selected and were chosen to have a similar age and sex distribution to that of the cases.
A structured questionnaire was developed for use in this study after pilot testing in Linqu. The questionnaire sought information on the frequency of intake of, and portion size for, 85 food items consumed several years prior to interview (1980) and just prior to the Cultural Revolution (1965). Specific questions were asked concerning intake of five vegetables of the allium class: garlic, garlic stalks, scallions, Chinese chives, and onions. Individuals were then grouped into approximately equal categories (usually quartiles or tertiles) based on their yearly consumption of individual or total allium vegetables. The measure of association between stomach cancer risk and allium intake was the odds ratio (OR). Summary ORs were estimated (a) by the Mantel-Haenszel technique adjusting for sex, age, and family economic situation and (b) by logistic regression analyses (12) adjusting for these and several potential confounding factors, including consumption of non-allium vegetables, previously identified in this study (11).
Results
A total of 685 patients with stomach cancer were identified over the study period. Interviews were completed with 564 (82%) patients; excluded were 41 who had died, 70 who were too ill, eight who refused an interview, and two who had incomplete interviews. Fifty percent of the cancer diagnoses were based on histologic review of tissue specimens obtained from surgery or endoscopy, 32% on surgery or endoscopy without tissue review, and the remaining 17% on radiologic or clinical grounds. Among those diagnoses with pathologic confirmation, the ratio of intestinal-to-diffuse-type cancers was 4.7:1. Most (63%) of the cancers were found in the antrum of the stomach.
Interviews were completed with 1,131 controls, with only one person contacted refusing to participate. The distributions of natients and controls were similar with respect to sex, age, place of birth (96% were born in Linqu), occupation, and education. The patients, however, had significantly lower family incomes; thus, the analyses were adjusted for income. Results for the 1965 period were similar, hence only data for 1980 are presented. For patients, the median consumption of allium vegetables was 13.5 kg/year in 1980, 3 kg lower than that for controls. The means also were lower by about this amount (3.5 kg), a highly significant (P< .01) difference. Table 2 shows corresponding ORs for stomach cancer according to quartile ranking of allium vegetable consumption. A negative dose-response pattern was found, with increased intake of allium vegetables associated with decreasing risk of stomach cancer (trend test, P < .01). An OR of 0.4 [95% confidence interval (CI), 0.3-0.6] was observed for the highest compared with the lowest quartile of consumption.
Little variation in these patterns by sex or age was found, although the association was somewhat stronger at older ages.
The
Consumption of sour pancakes (a fermented food staple eaten in Linqu), intake of salty foods and moldy grain supplies, prior chronic gastritis and gastric ulcer, and cigarette smoking were associated with an increased risk in this study (11). We adjusted for these variables, but their effect on the alliumstomach cancer relationship was negligible. There was, however, some suggestion of an interaction between allium and sour pancake intake and between allium intake and smoking; the increased risks associated with consumption of sour pancakes and smoking were seen only among persons with a history of moderate or low intake of allium. We also adjusted our analyses to account for protective effects found with intake of other fresh vegetables, carotene, vitamin C, and calcium (77), but again, there was little effect on the allium findings.
Discussion
Inhibition of tumor growth by derivatives of garlic was reported as early as the 1950s (2), but interest has heightened in the past few years because several experimental studies have suggested that compounds in allium vegetables can protect against cancer in laboratory animals. In 1983 Belman (3) reported that tumor promotion in the mouse skin model by phorbol myristate acetate could be inhibited by onions and garlic oil, and there was a dose-response relationship. Inhibition of dimethylhydrazineinduced nuclear damage to colon cells by diallyl sulfide, a major component of garlic oil, has been reported (4); also, a 74% reduction in the number of colorectal adenocarcinomas in mice given diallyl sulfide has been found (5). Allyl methyl trisulfide, another component of garlic oil, was reported to reduce by 70% the number of benzo[a]pyrene-induced forestomach tumors in female mice and to increase the activity of glutathione Stransferase, a hepatic enzyme system that can assist in the detoxification of carcinogens (6). In addition, extracts from onions administered via drinking water significantly delayed formation of carcinomas in hamsters whose buccal pouches were painted with 7,12-dimethylbenz[a]anthracene (7). In vitro assays also showed that the onion extracts could inhibit tumor growth and decrease proliferation (8). In one bioassay involving transplanted tumor cells, no tumors were found in mice receiv-ing a pharmaceutical garlic preparation, while all of the controls developed tumors (9).
Evidence of garlic's inhibitory properties in humans is limited, since epidemiologic investigations of cancer have not, to our knowledge, evaluated associations with the consumption of garlic. However, the county in northern China with the lowest stomach cancer mortality (3.6 deaths among males and 2.1 deaths among females per 100,000 per yr) is well known for its garlic production (75). Similarly, in the United States, a county in Georgia famous for producing vidalia onions has a stomach cancer mortality rate among whites about one-third the national level and one-half the state level (14). Several case-control studies of stomach cancer have listed onions as one of the food items evaluated. Among Japanese in Hawaii, risks of stomach cancer among persons eating onions >21 times per month were as much as three times lower than-those among persons eating onions eight or fewer times per month (75). In Greece, onions were one of several fresh vegetables eaten significantly less often by patients with gastric cancer than by controls (76).
In a study in northern China involving interviews with 241 patients with stomach cancer, onion consumption by patients was said to be not significantly different from that by controls (7 7). Finally, in Nagoya, Japan, onion intake was higher among 93 patients with gastric cancer than among controls (78); however, nearly 44% of the controls were patients hospitalized for chronic or acute gastritis or ulcers, thus representing a select group with diseases affecting dietary intake. To our knowledge, no prospective studies have assessed gastric cancer risk in relation to garlic or onion intake.
Because of the limited observations relating allium vegetables to stomach cancer risk, replication of our study findings is required before etiologic inferences can be made. Nevertheless, several features of the data suggest that allium vegetables can significantly reduce the risk of stomach cancer. There was a dose-response relationship, with risk declining as intake rose. Similar patterns were seen for allium intake in 1980 and 1965, so the association seems unlikely to be related to changes in diet due to the cancer itself. We also could rule out confounding by the stomach cancer risk factors detected in this study, and the allium effect appeared independent of protective associations found for intake of other fresh vegetables, vitamin C, and other dietary factors.
Reduced risks were associated not only with intake of all allium vegetables combined, but also with individual allium foods, suggesting that these vegetables have a common chemical component (possibly allyl sulfides) that is protective in humans. The chemical composition of allium vegetables in Linqu has not been studied, but these vegetables may also contain (although probably in small amounts) selenium, vitamin E, carotene, and other nutrients suspected of inhibiting cancer in humans (79). Since garlic has antibacterial properties (7), it may influence stomach cancer risk by inhibiting bacterial growth in the gastric cavity, thus resulting in less conversion of nitrates to nitrites and a lowered probability of endogenous formation of /V-nitroso compounds (20).
Animal experiments suggest that allium compounds inhibit both initiation and promotion of cancer (2-9). Although our study showed consistent results for allium intake at two periods, information on the timing of exposure was insufficient to evaluate whether allium intake, if effective in humans, may affect primarily an early or late stage in the carcinogenic process. Persons in Linqu tended to be exposed to mild doses of allium vegetables over long periods, likely beginning in childhood. Our study suggests that all or part of such exposure has resulted in a reduction in stomach cancer risk starting at an early age (a protective effect was seen at ages 35-49) and continuing throughout life. Further research on allium vegetables and their constituents may provide insights into the causes and prevention of stomach cancer, still the most common cause of death among cancer patients on a global scale (27).
